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(57) Abstract 

A computer system comprising a microprocessor architecture capable of supporting multiple processors comprising 
memory array unit (MAU), an MAU system bus comprising data, address and control signal buses, an I/O bus comprising dat; 
address and control signal buses, a plurality of I/O devices and a plurality of microprocessors. Data transfers between data an 
instruction caches and I/O devices and a memory and other I/O devices are handled using a switch network port data and ir 
stniction cache and I/O interface circuits. Access to the memory buses is controlled by arbitration circuits which utilize fixed an 
dynamic priority schemes. A test and set bypass circuit is provided for preventing a loss of memoery bandwidth due to spin-lod 
ing. A content addressable memory (CAM) is used to store the address of the semaphore and is checked by devices attempting t 
access the memory to determine whether the memory is available before an address is placed on the memory bus. Writing to th 
region protected by the semaphore clears thesemaphore and the CAM. 
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DESCRIPTION 

MICROPROCESSOR ARCHITECTURE CAPABLE OF 
SUPPORTING MULTIPLE  HETEROGENEOUS PROCESSORS 

Cross-Reference to Related Applications 

The present application is related to the following 

applications, all assigned to the Assignee of the present 

application: 

1. HIGH-PERFORMANCE RISC MICROPROCESSOR ARCHITECTURE, 

invented by Le T. Nguyen et al, SMOS-79 84MCF/GBR, Application 

Serial No.  07/727,006,  filed 08 July, 1991; 

2. EXTENSIBLE RISC MICROPROCESSOR ARCHITECTURE, invented 

by Le T. Nguyen . et al, SMOS-7985MCF/ GB R, Application Serial 

No.  07/727,058, filed on 08 July, 1991; 

3. RISC MICROPROCESSOR ARCHITECTURE WITH ISOLATED 

ARCHITECTURAL DEPENDENCIES, invented by Le T. Nguyen et al, 

SMOS-7 9 8 7MCF/GBR/RCC, Applicationg Serial No. 07/726,744, 

Filed 08 July, 1991; 

4. RISC MICROPROCESSOR ARCHITECTURE IMPLEMENTING MULTIPLE 

TYPED REGISTER SETS, invented by Sanjiv Garg et al, SMOS- 

798 8MCF / GBR/ RCC, Application Serial No": 07/726,733 filed 08 

July, 1991; 

5. RISC MICROPROCESSOR ARCHITECTURE IMPLEMENTING FAST TRAP 

AND EXCEPTION STATE, invented by Le T. Nguyen et al, SMOS- 

79 89MCF/GBR/WSW, Application Serial No. 07/726,942, filed 08 

July 1991; 
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6        SINGLE      CHIP      PAGE      PRINTER CONTROLLER, 

invented    by    Derek   J.    Lentz et al, SMOS-7991MCF/GBR/HKW, 

Application Serial No. j)7/7?fi ' filed M- July 1901- 

BACKGROUND OF THE INVENTION 

Field of the Invention 
 The  present  invention  relates  to microprocessor 

architecture in general and in particular to a 

preprocessor architecture capable of supporting 

multiple heterogeneous microprocessors. 

10    Description of the Related Art 
 A' computer   system   comprising   a microprocessor 

architecture capable of supporting multiple processors 

typically   comprises   a   memory,   a   memory   system bus 

comprising data,  address and control signal buses, an 

15    input/output   I/O   bus   comprising   data,   address and 

control signal buses, a plurality of I/O devices and a 

plurality   of   microprocessors.     The   I/O   devices may 

comprise,   for  example,   a  direct memory  access (DMA) 

controller-processor,   an  ethernet   chip,   and various 

20    other I/O devices.    The microprocessors may comprise, 

for example, a plurality of general purpose processors 

as well as special purpose processors.   The processors 

are   coupled   to   the   memory   by  means   of   the memory 

system bus and to the I/O devices by means of the I/O 

25 bus. j 
TO enable the processors to access the MAU and 

the I/O devices without conflict, it is necessary to 

provide a mechanism which assigns a priority to the 

processors and I/O devices.    The priority scheme used 

30     may be  a  fixed priority  scheme or  a dynamic priority 
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schcme which allows  for changing priorities on the fly 

as  system conditions  change,   or a combination of both 

schemes.     It   is   also   important   to  provide   in   such a 

mechanism  a   means   for   providing   ready  access   to the 

5     memory   and   the   I/O   devices   by   all   processors   in a 

manner   which   provides    for   minimum   memory   and I/O 

device   latency   while   at   the   same   time  providing for 

cache   coherency.     For   example/    repeated   use   of the 

system bus  to  access   semaphores  which are  denied can 

10     significantly   reduce   system   bus   bandwidth. Separate 

processors   cannot   be   allowed   to   read   and   write the 

same   data   unless    precautions    are    taken    to avoid 

problems with cache coherency. 

SUMMARY OF THE INVENTION 

15 In  view  of  the   foregoing,   a   principal  object of 

the present  invention   is  a  computer system comprising 

a   microprocessor   architecture   capable   of supporting 

multiple heterogenous  processors  which are coupled to 

multiple    arrays   of    memory    and    a   plurality   of I/O 

20      devices by means of one or more I/O buses.    The arrays 

of memory are  grouped  into   subsystems with interface 

circuits   known   as  Memory   Array   Units  or  MAU's. In 

each   of   the   processors   there   is   provided   a novel 

memory    control    unit     (MCU) .       Each    of    the    MCU' s 

25      comprises    a     switch    network    comprising    a switch 

arbitration  unit,   a  data  cache  interface  circuit, an 

instruction cache interface  circuit,  an I/O interface 

circuit and one or more memory port interface circuits 

known as  ports,   each  of  said  port interface circuits 

30      comprising a port arbitration unit. 

The   switch   network   is   a   means  of communication 

between  a  master  and   a   slave  device.     To   the switch, 
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f-r devices are a D-cache, an I-cache, 

—■«•;-7/;;;;;it
a;h
I

n°;twork is to 
The  function of the SWUL 

the  various   instructions  and  d,ta  requests   fro, th 

1   controller   units    <CCU,    U-cache. D-cache, 

the  IOU      After  having  received  these  requests, the 

r arbitration  unit  in  the  port  interface .reu 

appropriate memory port (depending 

eddress). The port, or ports as the case may be will 

the   generate the necessary timing signals, receive or 

the necessary data to/from the HAO. If " « • 

; e <WH, request, the interaction between 

end the switch stops when the switch has pushed ail 

t„e write data into the write data FIFO (WDF) from the 

iZ If it is a read IRD) request, the interaction 

: ^1 the witch and the port only ends when the 

porthas sent the read data bees to the requesting 

master through the switch. 
The  switch networ*   is  composed of  four  sets of 

tri-state  buses  that   provide   the  connects  be wee 

acne. IO0 and the memory ports.    The four sets of 

tr - tat     — SW-BE°'   SW-WD'    ^ t 
SW IDBST       m   a   typical   embodiment   of   the present 

Zn    the bus SW REQ comprises 29 wires which as 
rnventaon. the^ bus ^ signal £ro» a 
used to send the address, J- 

,    •       ,n   a   slave   device.     The   ID   is   a tag 

:;;::Lrc. ™ request so «.* r 

Resting device is able to associate the returning 

data   with   the   correct   memory   address. ™ 
siqnal is a  signal  indicating that a memory access 
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to shared memory. When the master device is issuing a 

request to a slave, it is not necessary to send the 

full 32 bits of address on the switch. This is 

because in a multimemory port structure, the switch 

would have decoded the address, and would have known 

whether the request was for memory port 0, port 1 or 

the IOU, etc. Since each port has a pre-defined 

memory space allotted to it", there is no need to send 

the full 32 bits of address on SW_REQ. 

In   practice,   other   request   attributes   such as, 

for    example,    a    function    code    and    a    data width 

attribute are not sent on the SW_REQ because of timing 

constraints.     If  the   information  were   to  be carried 

over the switch, it would arrive at the port one phase 

15       later   than   needed,    adding   more    latency   to memory 

requests.    Therefore,  such request attributes are sent 

to   the  port on dedicated wires  so that  the port can 

start its  state machine  earlier and thereby decrease 

memory latency. 
20 Referring  to  Fig.   8,   the  bus  SW__WD  comprises 32 

wires and is used to send the write data from the 

master device (D-cache and IOU) to the FIFO at the 

memory port. It should be noted that the I-cache 

reads    data   only    and    does    not   write    data. This 

25 tri-state bus is "double-pumped" which means that a 

word of data is transferred orw-each clock phase, 

reducing the wires needed, and thus the circuit costs. 

WDOO, WD01, WD10 and WDll are words of data. Since 

the buses are double-pumped, care is taken to insure 

30 that there is no bus conflict when the buses turn 

around and switch from a master to a new master. 

Referring  to  Fig.   9,   the  bus   SW_RD  comprises 64 

wires   and   is  used   to  send   the   return  read  data from 
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the slave device (memory port and IOU) back to the 

master device. Data is only sent during one phase 1. 

This bus is not double-pumped because of txmxng 

constraints of the caches in that the caches requ.re 

that the data be valid at the falling edge of CLK 1 

Since the data is not available from the port untxl 

phase 1 when clock 1 is high, if an attempt were made 

to double-pump the SW_RD bus, the earliest that a 

cache would get the data is at the positive edge of 

CLK1 and not the negative edge thereof. Since bus 

SW RD is not double-pumped, this bus is only actxve 

(not tri-stated)   during phase  2.    There is no problem 
r! t^h^n   the   bus   switches   to a with  bus   driver   conflict when cne 

different master. 
15 The bus SW_IDBST comprises four wires and is used 

" to send the identification (ID) from a master to a 

slave device and the ID and bank start signals from 

the slave to the master device. 
in a current embodiment of the present xnventxon 

there is only one ID FIFO at each slave device. Since 

data from a slave device is always returned in order, 

there is no need to send the ID down to the port. The 

10 could be stored in separate FIFO's, one FIFO for 

each port, at the interface between the switch and the 

master device. This requires an increase in circuxt 

area over the current embodiment .since each xnterface 

must now have n FIFO' s if there are n ports, but the 

tri-state wires can be reduced by two. 
The port interface is an interface between the 

switch network and the external memory (MAU) It 

comprises a port arbitration unit and means for 

storinc requests that cause interventxons and 

interrupted  read  requests.     It  also  includes  a snoop 

20 

25 

30 



address generator. It also has circuits which act as 

signal generators to generate the proper timing 

signals  to control  the memory modules. 

There are several algorithms which are 

implemented in apparatus in the switch network of the 

present invention including a test and set bypass 

circuit comprising a content addressable memory (CAM), 

a row match comparison circuit and a dynamic 

switch/port arbitration circuit. 

The architecture implements semaphores, which are 

used to synchronize software in multiprocessor 

systems, with a "test and set" instruction as 

described below. Semaphores are not cached in the 

architecture. The cache fetches the semaphore from 

the MCU whenever the CPU executes a test and set 

instruction. 

The test and set bypass circuit implements a 

simple algorithm that prevents a loss of memory 

bandwidth due to spin-locking, i.e. repeated requests 

for access to the MAD system bus, for a semaphore. 

When a test instruction is executed on a semaphore 

which locks a region of memory, device or the like, 

the CAM stores the address of the semaphore. This 

entry in the CAM is cleared when any processor 

performs a write to a small region of memory enclosing 

the semphore. If the requested^-semaphore is still 

resident in the CAM, the semaphore has not been 

released by another processor and therefore there is 

no need to actually access memory for the semaphore. 

Instead, a block of logical l's ($FFFF1s) (semaphore 

failed) is sent back to the requesting cache 

indicating  that  the   semaphore   is  still   locked   and the 
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semaphore is not actually accessed, thus saving memory 

bandwidth. 
A write of anything other than all l's to a 

semaphore  clears   the   semaphore.     The   slave   CPU then 

5 has  to  check  the  shared memory bus   to see  if any CPU 

(including itself) writes to the relevant semaphore. 

If any CPU writes to a semaphore that matches an entry 

in the CAN, that entry in the CAM is cleared. When a 

cache  next attempts  to  access  the  semaphore,  it will 

10 not find that entry in the CAM and will then actually 

fetch   the   semaphore   from  main  memory  and  set  it to 

failed,  i.e.  all l's. 
The function of the row match comparison circuit 

is  to determine  if  the  present  request  has  the same 

15 row address as the previous request. If it does, the 

port need not de-assert RAS and incur a RAS pre-charge 

time penalty. Thus, memory latency can be reduced and 

usable bandwidth increased. Row match is mainly used 

for  dynamic   random  access   memory   (DRAM)   but  it can 

20 also be used for static random access memory (SRAM) or 

read-only memory (ROM) in that the MAU now need not 

latch in the upper bits of a new address. Thus, when 

there is a request for access to the memory, the 

address   is   sent   on   the   switch   network   address bus 

25 SW_REQ, the row address is decoded and stored in a MUX 

latch. If this address is considered the row address 

of a previous request, when a cache or an IOU issues a 

new reouest, the address associated with the new 

address   is   decoded   and   its   row  address   is compared 

30 with the previous row address. If there is a match, a 

row match hit occurs and the matching reguest is given 

priority as explained below. 
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15 

In the dynamic switch/port arbitration circuit, 

two different arbitrations are performed. One is for 

arbitrating for the resources of the memory ports, 

i.e. port O...port N, and the other is an arbitration 

for the resources of the address and write data buses 

of the switch network,   5W_REQ and SW_WD, respectively. 

Several devices can request data from main memory 

at the same time. They are the D- and I-cache and the 

IOU. A priority scheme whereby each master is endowed 

with a certain priority is set up so that the requests 

from more "important" or "urgent" devices are serviced 

as soon as possible. However, a strict fixed 

arbitration scheme is not used due to the possibility 

of starving the lower priority devices. Instead, a 

dynamic arbitration scheme is used which allocates 

different priorities to the various devices on the 

fly. This dynamic scheme is affected by the following 

factors: 

1.      Intrinsic priority of the device. 
20 2-      D°es  the requested address have a row match 

with the previously serviced request? 

3. Has  the device been denied service too many 

times? 

4. Has    that   master    been    serviced    too many 
25 times? 

Each request from a device has an intrinsic 

priority. IOU has the highest priority followed by 

the D- and I-cache, respectively. An intervention 

(ITV) request as described below, from the D-cache, 

however, has the highest priority of all since it is 

necessary that the slave processing element (PE) has 

the updated data as soon as possible. 

30 
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The intrinsic priority of the various devices is 

modified by several factors. The number of times a 

lower priority device is denied service is monitored 

and when such number reaches a predetermined number, 

the lower priority device is given a higher priority. 

In contrast, the number of times a device is granted 

priority is also monitored so that if the device is a 

bus "hog", it can be denied priority to allow a lower 

priority device to gain access to the bus. A third 

factor used for modifying the intrinsic priority of a 

request is row match. Row match is important mainly 

for the I-cache. When a device requests a memory 

location which has the same row address as the 

previously serviced request, the priority of the 

requesting device is increased. This is done so as to 

avoid having to de-assert and re-assert RAS. Each 

time a request is serviced because of a row match, a 

programmable counter is decremented. Once the counter 

reaches zero, for example, the row match priority bit 

is cleared to allow a new master to gain access to the 

bus. The counter is again pre-loaded with a 

programmable value when the new master of the port is 

different from the old master or when a request is not 

a request with a row match. 
25 A write  request   for  a  memory port will only be 

granted when the write data bus oiUthe switch network 

(SW_WD) is available. If it is not available, some 

other request is selected. The only exception is for 

an intervention (ITV) request from the D-cache. If 

such a request is present and the SW_WD bus is not 

available, no request is selected. Instead, the 

system waits for the SW_WD bus to become free and then 

the intervention request is granted. 

20 

30 



Two   software-selectable   arbitration   schemes for 

the switch network are employed.    They are as follows: 

1. Slave priority in which priority is based on 

the slave or the requested device (namely, 

memory or IOU port). 

2. Master priority which is based on the master 

or the requesting device (namely, IOU, D- 

and I-cache). 

In the slave priority scheme, priority is always 

given to the memory ports, e.g. port 0f 1, 2... first, 

then to the IOU and then back to port 0, a scheme 

generally known as a round robin scheme. The master 

priority scheme is a fixed priority scheme in which 

priority is given to the IOU and then to the D- and 

I-caches respectively. Alternatively, an intervention 

(ITV) request may be given the highest priority under 

the master priority scheme in switch arbitration. 

Also, an I-cache may be given the highest priority if 

the pre-fetch buffer is going to be empty soon. 

Brief Description of the Drawings 

The above and other objects, features and 

advantages of the present invention will become 

apparent from the following detailed description of 

the accompanying drawings,  in which: 

Fig. 1 is a block diagram of a microprocessor 

architecture capable of supporting multiple 

heterogeneous microprocessors according to the present 

invention; 

Fig. 2 is a block diagram of a memory control 

unit according to the present invention; 
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Fig 3 is a bloc, diagram of a switch network 

showing 'interconnects between a D-cache interface-no 

a port interface according to the present rnvent.on 
P   Fig     <   is   a   block   diagram   of   a   test   and set 

bypass circuit according to the present invention. 

Fig. 5 is a block diagram of a circuit used or 

generating intervention signals and arbitrations for 

an MAO bus according to the present invention; 

Fig 6 is a block diagram of a row match 

comparison circuit according to the present invention; 

Fig 7 is a diagram of a dynamic arbitration 

scheme according to the present invention. 

Fig. 8 is a diagram showing the timing of a write 

15      request; and 
Fig.   9 is a diagram showing the timing of a read 

request. 

railed DssctlEtim; of the Drawings 
 "e£erring    to    Fig.    1.    there    is    provided in 

accordance with the present invention a microprocessor 

architecture designated generally as I. ». the 

architecture 1 there is provided , plurality of 

general   purpose   microprocesors   2,    3 ... . 
c      or-k    srhiter   6    and a special   purpose   processor    5,    an arbiter 

„„u  /MAUI  7.    The microprocessors 
memory/memory array unit (MAU) 

=>  niuralitv of  identical processors 
2-N may comprise a plurality or 

plurality   of   heterogeneous processors. 

20 

25 

special purpose processor 5 may comprise, for e , pie. 

a graphics  controller.    All of the processors  2-5 are 

30     coupled via one or -ore memory ports PORT0 ...PORT to 

"      an MAU system hus 25 comprising en MAU data bus 8 e 

ROK/COL   eddress   bus   9,   a   multiprocessor   control bus 
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10, an MAU control bus 11 and a bus arbitration 

control signal bus 12 by means of a plurality of 

bidirectional signal buses 13-17, respectively. The 

bus 12 is used, for example, for requesting 

5 arbitration  to  access  and   for granting or indicating 

that the system data bus 8  is busy.    The arbiter 6 is 

coupled   to   the   bus   12   by   means   of   a bidirectional 

signal  line   18.     The  MAU   7   is  coupled  to  the ROW/COL 

address    and    memory    control    buses    9    and    11 for 

10        transferring   signals   from   the   buses   to   the   MAU by 

means of unidirectional  signal lines  19 and 20 and to 

the MAU data bus 8 by means of bidirectional data bus 

21.     Data buses  8  and 21   are typically  64  bit buses; 

however,   they may  be  operated as   32  bit buses under 

15        software   control.     The   bus   may   be   scaled   to other 

widths,  e.g.   128 bits. 

Each of the processors 2-N typically comprises an 

input/output IOU interface 53, which will be further 

described below with respect to Fig. 2, coupled to a 

20 plurality of peripheral I/O devices, such as a direct 

memory access (DMA) processor 30, an ETHERNET inter- 

face 31 and other I/O devices 32 by means of a 32 bit 

I/O bus 33 or an optional 32 bit I/O bus 34 and a 

plurality of 32 bit bidirectional signal buses 35-42. 

25 The optional I/O bus 34 may be used by one or more of 

the processors to access a special purpose I/O device 

43. 

Referring to Fig. 2, each of the processors 2-N 

comprises a memory control unit (MCU) designated 

30 generally as 50, coupled to a cache control unit (CCU) 

49 comprising a data (D) cache 51 and an instruction 

(I) cache 52 and an I/O port 53, sometimes referred to 

herein simply as IOU,  coupled to the I/O bus  33 or 34. 
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The MCU 50 is a circuit whereby data and 

instructions are transferred (read or written) between 

the CCU 49, i.e. both the D-cache 51 and the I-cache 

52   (read only) ,   the  100 53 and the MAU  7 via  the MAU 

5 system   bus    25.      The   MCU   50, , as   will   be further 

described below, provides cache coherency. Cache 

coherency is achieved by having the MCU in each slave 

CPU monitor, i.e. snoop, all transactions of a master 

CPU on the MAU address bus 9 to determine whether the 

10 cache in the slave CPU has to request new data 

provided by the master CPU or send new data to the 

master CPU. The MCU 50 is expandable for use with six 

memory ports and can support up to four-way memory 

interleave   on   the   MAU   data   bus   8.     It   is   able to 

15 support the use of an external 64- or 32-bit data bus 

8 and uses a modified hamming code to correct one data 

bit error and detect two or more data bit errors. 

In the architecture of the present invention, 

cache  sub-block,   i.e.   cache  line,   size  is  a function 

20 of memory bus size. For example, if the bus size is 

3 2 bits, the sub-block size is typically 16 bytes. If 

the bus size is 64 bits, the sub-block size is 

typically 32 bytes. If the bus size is 128 bits, the 

sub-block size is 64 bytes.    As indicated,  the MCU 50 

25 is designed so that it can be programmed to support 1, 

2 or 4-way interleaving, i.e.__ number of bytes 

transferred per cycle. 
In the MCU 50 there is provided one or more port 

interfaces designated  port PQ...PN.   *  
switch network 

30 54, a D-cache interface 55, an I-cache interface 56 

and an I/O interface 57. As will be further described 

below with respect to Fig. 3, each of the port 

interfaces   PQ-PN   comprises   a   port   arbitration unit 



designated, respectively, PAUQ...PAUN. The switch 

network 54  comprises a switch arbitration unit 58. 

When the MCU 50 comprises two or more port 

interfaces, each of the port interfaces P
Q~

P
N is 

coupled to a separate MAU system bus, which is 

identical to the bus 25 described above with respect 

to Fig. 1. in Fig. 2, two such buses are shown 

designated   25Q  and  25N.     The  bus  25N  comprises buses 

8N' 9N' 10N/ llN and 12N which are connected to port 

PN by buses 13N# 14^, 15^, 16N and 17N, respectively. 

Buses 8N-17N are identical to buses 8-17 described 

above with respect to Fig. 1. Similarly, each of the 

port interfaces are coupled to the switch network 54 

by means of a plurality of separate identical buses 

including write (WR) data buses 60, 60N, read (RD) 

data buses   61,   61..,   and address buses  62,   62vt  and to IN N 
each of the cache and I/O interfaces 55, 56 , 57 by 

means of a plurality of control buses 70, 71, 80, 81, 

90 and 91 and 70N, 71N, 80N, 81N, 90N and 91^ where 

the subscript N identifies the buses between port 

interface PN and the cache and I/O interfaces. 

The switch network 54 and the D-cache interface 

55 are coupled by means of a WR data bus 72, RD 

data bus 73 and an address bus 74. The switch network 

54 and the I-cache interface 56 are coupled by means 

of an RD data bus 82 and an address bus 83. It should 

be noted that the I-cache 52 does"not issue write (WR) 

requests. The switch network 54 and the I/O interface 

57 are coupled by means of a plurality of bidirection- 

al signal buses including an RD data bus 92, a WR data 

bus  93  and an address bus 94. 

The   D-cache   interface   55   and   the   tcu   49, i.e. 

D-cache   51,    are   coupled   by   means   of   a   plurality of 
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unidirectional signal buses including a WR data bus 

100 an RD data bus 101, an address bus 102 and a pair 

of control signal buses 103 and 104. The I-cache 

interface 56 and the CCU 49, i.e. I-cache 52, are 

coupled by means of a plurality of unidirectional 

signal buses including an RD data bus 110, an address 

bus 111, and a pair of control signal buses 112 and 

113. The I/O interface 57 and the IOU 53 are coupled 

by means of a plurality of unidirectional signal buses 

including an R/W-I/O master data bus 120, an R/W-I/O 

slave data bus 121, a pair of control signal lines 123 

and 124 and a pair of address buses 125 and 126. The 

designations I/O master and I/O slave are used to 

identify data transmissions on the designated signal 

lines when the I/O is operating either as a master or 

as a slave, respectively, as will be further described 

below. 
Referring to Fig. 3, there is provided a block 

diagram of the main data path of the switch network 54 

showing the interconnections between the D-cache 

interface 55 and port interface PQ. Similar 

interconnects are provided for port interfaces PrPN 

and the I-cache and I/O interfaces 56 , 57 except that 

the I-cache interface 56 does not issue write data 

requests. As shown in Fig. 3, there is further 

provided in each of the port .interfaces PQ-PN an 

identification (ID) first in, first out (FIFO) 130 

which is used to store the ID of a read request, a 

write data (WD) FIFO 131 which is used to temporarily 

store write data until access to the MAU is available 

and a read data (RD) FIFO 132 which is used to 

temporarily store read data until the network 54 is 

available. 



In the switch network 54 there is provided a 

plurality of signal buses 140-143, also designated, 

respectively, as request/address bus SW_REQ[28:0), 

write data bus SW_WD[31:0], read data bus SW_RD(63:0] 

and identification/bank start signal bus SW IDBST[3:0] 

and the switch arbitration unit 58. The switch 

arbitration unit 58 is provided to handle multiport 

I/O requests. 

The cache and port interface are coupled directly 

by some control signal buses and indirectly by others 

via  the switch network  buses.    For example,   the port 

arbitration  unit  PAU   in  each  of  the  port interfaces 
P0~PN is couPled to the switch arbitration unit 58 in 

the   switch   network   54   by   a   pair  of   control signal 

buses including a GRANT control line 70a and a REQUEST 

control  line  71a.    The   switch  arbitration unit  58 is 

coupled to the D-cache interface 55 by a GRANT control 

signal line 71b.    Lines  70a and 70b and lines 71a and 

71b are signal lines in the buses 70 and 71 of Fig. 2. 

A gate 75 and registers 76 and 78 are also provided to 

store  requests   that  cause   interventions and  to store 

interrupted read  requests,   respectively. Correspond- 

ing control buses are provided between the 'other port, 

cache and I/O interfaces. 

The function of the switch network 54 is to 

receive the various instructions and data requests 

from the cache control units (CCU), i.e. (I-cache 51, 

D-cache 52, and the IOU 53. In response to receiving 

the requests, the switch arbitration unit 58 in the 

switch network 54 which services one request at a 

time, prioritizes the requests and passes them to the 

appropriate port interface Pn-P„ or I/O interface 

depending  upon   the  address   accompanying   the request. 
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The port and I/O interface, are typically selected by 

„£    the    high    order    bits    in    the address 
means    or    tne i'^1' 
accompanying  the  reguest.    Bach port  interface has 

register 11  for storing the HAu addresses.    The port 

interface   will   then   generate   the   necessary taming 

signals  and   transfer  the  necessary data  to/from the 

mv I£    the    regtest    is    a   N>   reguest, he 

interaction between the port interface and the swr 

network 54 stops when the switch has pushed all of the 

write data into the KDF (write data FIFO) 131. If it 

,s a RD reguest. the interaction between the swatch 

network 54 and the port interface only ends when the 

port   interface   has   sent   the   read  data  back   to the 

switch network 54. 
As will be further described below, the switch 

network 54 is provided for communicating between a 

raaster and a slave device. In this context, the 

possible master devices are: 

1. D-cache 

2. I-cache 

3. IOU 
and the possible slave devices are: 

1. memory port 

2. IOU 
The switch network 54 is responsible for sending 

the necessary intervention request to the appropriate 

port interface for execution. 
,        -U~A    .hove      the    switch    network 54 As    described above, 

four   sets   of  tri-state  buses   that provide comprises   four   sets ui 
u 4-    Qn i-hf- cache    I/O and memory port the connection between the cacne, 

r,e   fri-<;tate   buses are 
interfaces.     The   four   sets   of   tri state 

SW REQ,  SW WD,   SW_RD and SW_IOBST.    The bus ^rgnated 

SW~REQ128:0]   is  used  to send the address in  the slave 
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device and the memory share signal and the ID from the 

master device to the slave device. As indicated 

above, the master may be the D-cache, I-cache or an 

IOU  and the  slave device may be  a memory  port  or an 

5 IOU.    When the master device is issuing a request to a 

slave, it is not necessary to send the full 32 bits of 

address on the switch bus SW_REQ. This is because in 

the multiple memory port structure of the present 

invention,   each  port  has  a  pre-defined  memory space 

10       allotted to it. 

Other   request   attributes   such   as   the function 

code  (FC)   and the data width  (WD)  are not sent on the 

SW_REQ    bus    because    of    timing    constraints. The 

information carried over the switch network 54 arrives 

15       at  the port  interface one  clock phase  later than the 

case if the information has been carried on dedicated 

wires.    Thus,   the early request attributes  need to be 

sent  to the port interface one phase earlier  so that 

the port interface can start its state machine earlier 

20       and thereby decrease memory latency.    This is provided 

by   a   separate   signal   line   79,   as   shown   in   Fig. 3. 

Line  79 is one of the lines in the control  signal bus 
70 of Fig. 2. 

The SW_WD[31:0] bus is used to send write data 

from the master device (D cache and IOU) to the WD 

FIFO 131 in the memory port interface. This tri-state 

bus is double-pumped, which means that 32 bits of data 

are transferred every phase. Since the buses are 

double-pumped, care is taken in the circuit design to 

insure that there is no bus-conflict when the buses 

turn around and switch from one master to a new 

master. As will be appreciated, double-pumping 

reduces   the   number   of   required   bit   lines thereby 

25 

30 
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•   •   ■  i„a   expensive   wire   requirements   with minimal minimizing expensive 

nprformance degradation. 
performan y RD(63:0]   bus is used 

mm   hack to the master device. Data 

timing   constraint  or tue 
that  the  data be valid at the  filing edge of CLK1. 

Th    data   is  received   from  the  port interface 
10       SinCS  thh

E st "    lf the SW RD bus was double-pumped, 

:r«rl bat the wouid - data would 
the eariies negative 
be  at the  positive edge of CLK1, not be  at tue  v b        is not 

^     i-T-vi Since     the     bw tu^ edcre     of     CLK1 •       SinLC , . 
15       double-pumped,     this     bus     is     only     active (not 

tri-stated,  during CLK1 and there is no problem wit 

bus  buffer conflict where  two bus  drivers drrve the 

same wires at the same time. 
The     SW IDBST(3 = 0]      is     used     to     return the 

> Z   IIDI   code and  a  bank  start code from 20        identification   (ID)   cooe a 
the slave to the master device via the bus 88. Stnce 

^a from a slave d.vice is always returned in order 

Ire is generally no need to send the ID down to be 

port.    The  ID can be  stored  in  separate  FIFO s, 

25       „F0 for each port in ^nterfac. ^ ^ 

- to - b- S
"-

RD
 

is 

" \ hie      I- the bus  SW RD  is  currently being 
net  available.     I.  the _ ^ data is 

used  by  some  other  port ^ 

30       temporarily pushed into the read FIFO 132 

SW RD bus  is  released,  data  is popped 

and   transferred  through  the  switch  network  S< to 

requesting cache or IOU. 
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The     transfer     of     data     between     the D-cache 

interface    55,    the    I-cache    interface    56,    the i/o 

interface 57 and the port interfaces PQ-PN will now be 

described   using   data    transfers   to/from   the D-cache 

5 interface 55 as an example. 

When one of the  D-cache,   I-cache or lOU's wants 

to access a port,  it checks  to see if the port is free 

by   sending   the   request   to   the   port  arbitration unit 

PAU0  on  the request  signal   line  70b as shown  in Fig. 

10       3.     If  the  port  is   free,   the  port  interface informs 

the switch arbitration unit 58 on the request control 

line   71a   that   there   is   a   request.     If   the switch 

network   54   is   free,    the   switch   arbitration   unit 58 

informs the port on the grant control line 70a and the 

15       master, e.g. D-cache interface 55, that the request is 

granted on the control line 71b. 

If  the  request   is   a  write   request,   the D-cache 

interface    circuit    55    checks    the    bus arbitration 

control   unit   172   to  determine  whether   the  MCU   50 is 

20        granted   the   MAU   bus   25.      If   the   MCU   has   not been 

granted the bus 25, a request is made for the bus. If 

and when the bus is granted,  the port arbitration unit 

171   makes   a   request   for   the   switch  buses   140, 141. 

After access to the switch buses, 140,   141  is granted, 

25       the     D-cache     interface     circuit     55     places the 

appropriate  address on  the  switch_^bus  SW_REQ  14 0 and 

at   the  same  time  places  the  write  data  on  the write 

data bus SW_WD 141 and stores  it in the WD FIFO (WDF) 

131.       When    the    data    is     in    the    WDF,     the MCU 

subsequently writes  the data  to the MAU.    The purpose 

of making sure that the bus  is granted bejrore sending 

the write data to the port is so that the MCU need not 

check   the   WDF when  there   is   a   snoop  request   from an 

30 
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rwor-kina     for    modified data 
external    processor. Checking 

therefore rests solely on the cache. 
If the request is a read request, and the port 

and switch network, are deteouned to be available as 

described above, the port interface receives the 
deSC ..„_ nnit on the SW REQ bus and 
address from the requesting unit on tn 

. • fnr MAU  bus   9- The 
arbitrates using  the arbiter for the MA 

MM arbiter inform the port that the MAU bus has been 

qranted  to  it  before  the  bus  can actual  be use. 

The  revest  is  then  transferred  to  ^  ^ bJ ^ 

switch.     When   the   MAU  address   bus   9   rs   free, the 

Lress  is  placed on  the MAU address  bus.    The per 

k„o„s, ahead of time, when data will be reeved It 

requests   the   switch   return  data  bus   so   that it 

available when  the data  returns,  if  it  is  not busy 

When the bus is free,  the port puts the read data on 

th. bus which  the  D-cache.   I-cache or  I/O interface 

„ill    then    pic,    up    and    give    to    its respective 

requesting unit. 
If the D/I-cache 51,52 makes a request for an I/O 

address,   the   D/I-cache   interface  55,56   submits the 

request to the I/O interface unit 57 via the reque 

bus   SW REQ.      If    the   I/O   interface    unit    57 has 

available   entries    in   its   queues   for   storm, the 

requests,   it  will   sub.it  the  request  to t*. switch 

arbitration unit  56  via the control  signal  line 90^ 

once   again,   if   the   switch  networK  54   is   free the 

switch   arbitration   unit    58   inform    the   D/I cache 

interface  55,56  so  that  it can place  the addreso 

the address bus SW.REO and,  if it is a write request 

,0 cache only. ,   the write data on the writ, data bus 

S„ WD   for   transfer   to   the   100.     Similarly,   if the 

request  from  the  D/I cache interface  55,56  is  a read 



request, the read data from the I/O interface 57 is 

transferred from the I/O interface 57 via the switch 

network 54 read data bus SW_RD and provided to the 

D/I cache interface 55,56 for transfer to the 

D/I cache 51,52. 

Referring to Fig. 4, there is further provided in 

the port interfaces and caches in accordance with the 

present invention test and set (TS) bypass circuits 

designated generally as 160 and 168, respectively, for 

monitoring, i„e, snooping, for addresses of semaphores 

on the MAU address bus 9. As will be seen, the 

circuits 160, 168 reduce the memory bandwidth consumed 

by spin-locking for a semaphore. 

In the TS circuits 160, 168 there is provided a 

snoop address generator 161, a TS content addressable 

memory (CAM) 162, a flip-flop 163 and MUX * s 164 and 

165. 

A semaphore is a flag or label which is stored in 

an addressable location in memory for controlling 

access to certain regions of the memory or other 

addressable resources. When a CPU is accessing a 

region of memory with which a semaphone is associated, 

for example, and does not want to have that region 

accessed by any other CPU, the accessing CPU places 

all lfs in the semaphore. When a second CPU attempts 

to access the region, it first checks the semaphore. 

If it finds that the semaphore comprises all I's, the 

second CPU is denied access. Heretofore, the second 

CPU would repeatedly issue requests for access and 

could be repeatedly denied access, resulting in what 

is called "spin-locking for a semaphore"; The problem 

with spin-locking for a semaphore is that it uses an 

inordinate amount of memory bandwidth because   for each 
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a 

request for access, the requesting CPU must perform a 

read and a write. 
The Test and Set bypass circuits 160,  168 of Fig. 

4   are   an   implementation  of  a   simple  algorithm that 

5 reduces      memory      bandwidth      utilization      due to 

spin-locking for a semaphore. 

In   operation,   when   a   CPU,   or  more precisely, 

process  in the processor,   first requests access  to a 

memory region with which a semaphore is associated by 

10 issuing a load-and-set instruction, i.e. a 

predetermined instruction associated with a request to 

access a semaphore, the CPU first accesses the 

semaphore and stores the address of the semaphore in 

the   CAM   162.     Plural   load-and-set   instructions can 

15 result in plural entries being in the CAM 162. If the 

semaphore contains all l's ($FFFF's), the l's are 

returned indicating that access is denied. When 

another process again requests for the semaphore, it 

checks    its   CAM.      If   the   address   of   the requested 

20 semaphore is still resident in the CAM, the CPU knows 

that the semaphore has not been released by another 

processor/process and there is therefore no need to 

spin-lock for the semaphore. Instead, the MCU 

receives all l's   (semaphore failed)   and the semaphore 

25 is not requested from memory; thus, no memory 

bandwidth .is unnecessarily used.-On the other hand, 

if the semaphore address is not in the CAM, this means 

that the semaphore has not been previously requested 

or that it has been released. 

30 The MAU bus does not provide byte addresses. The 

CAM must be cleared if the semaphore is released. The 

CAM is cleared if a write to any part of the smallest 

detectable  memory  block  which  encloses  the semaphore 



is performed by any processor on the MAU bus. The 

current block size is 4 or 8 bytes. In this way, the 

CAM will never hold the address of a semaphore which 

has been cleared, although the CAM may be cleared when 

the semaphore has not been cleared by a write to 

another location in the memory block. The semaphore 

is cleared when any processor writes something other 

than all 11s to it. 

If a semaphore is accessed by a test and set 

instruction after a write has occurred to the memory 

block containing the semaphore, the memory is again 

accessed. If the semaphore was cleared, the cleared 

value is returned to the CPU and the CAM set with the 

address again. If the semaphore was not cleared or 

was locked again, the CAM is also loaded with the 

semaphore address, but the locked value is returned to 

the CPU. 

In the operation of the circuit 160 of Fig. 4, 

the circuit 160 snoops the MAU address bus 9 and uses 

the address signals detected thereon to generate a 

corresponding snoop address in the address generator 

161 which is then sent on line 169 to, and compared 

with, the contents of the CAM 162. If there is a hit, 

i.e. a match with one of the entries in the CAM 162, 

that entry in the CAM 162 is cleared. When a load and 

set request is made to the MCU frpm, for example, a 

D-cache, the D-cache interface circuit compares the 

address with entries in the CAM. If there is a hit in 

the CAM 162, the ID is latched into the register 163 

in the cache interface and this ID and all l's ($FFFF) 

are returned to the cache interface by means of the 

MUX's  164 and 165. 
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The snooping of the addresses and the generation 

of a snoop address therefrom in the snoop address 

generator 161 for comparison in the CAM 162 continues 

without ill effect even though the addresses appearing 

on the MAU address bus 9 are to non-shared memory 

locations. The snoop address generator 161 typically 

generates a cache block address (high order bits) from 

the 11 bits of the MAU row and column addresses 

appearing on the MAU address bus 9 using the MAU 

control signals RAS, CAS and the BKST START MAU 

control signals on the control signal bus 11. 

Referring to Fig. 5, there is provided in 

accordance with another aspect of the present 

invention a circuit designated generally as 170 for 

15 providing cache coherency. Cache coherency is 

necessary to insure that in a multiprocessor 

environment the master and slave devices, i.e. CPU's, 

all have the most up-to-date data. 

Shown outside of the chip comprising the circuit 

20 170, there is provided the arbiter 6, the memory 7 and 

the MAU address bus 9, MAU control bus 11 and 

multiprocessor control bus 10. In the circuit 170 

there is provided a port arbitration unit interface 

171, a bus arbitration control unit 172, a 

25 multiprocessor control 173 and the snoop address 

generator 161 of Fig. 4. The D-cache interface 55 is 

coupled to the multiprocessor control 173 by means of 

a pair of control signal buses 174 and 175 and a snoop 

address bus 176. The I-cache interface 56 is coupled 

to the multiprocessor control 173 by means of a pair 

of control signal buses 177 and 178 and the snoop 

address bus 176. The snoop address generator 161 is 

coupled to the multiprocessor control 173 by means of 

30 



a control signal bus 179. The multiprocessor control 

173 is further coupled to the multiprocessor control 

bus 10 by means of a control signal bus 180 and to the 

bus arbitration control unit 172 by a control signal 

bus 181. The port arbitration unit interface 171 is 

coupled to the bus arbitration control unit 172 by a 

control signal bus 182. The bus arbitration control 

unit 172 is coupled to the arbiter 6 by a bus 

arbitration control bus 183. The snoop address 

generator 161 is also coupled to the MAU address bus 9 

and the MAU control bus 11 by address and control 

buses 14 and 16, respectively. 

A request from a cache will carry with it an 

attribute indicating whether or not it is being made 

to a shared memory. If it is to a shared memory, the 

port interface sends out a share signal SHARED_REQ on 

the multiprocessor control signal (MCS) bus 10. When 

other CPU1s detect the share signal on the MCS bus 10 

they begin snooping the MAU ADDR bus 9 to get the 

snoop address. 

Snooping, as briefly described above, is the 

cache coherency protocol whereby control is 

distributed to every cache on a shared memory bus, and 

all cache controllers (CCU's) listen or snoop the bus 

to determine whether or not they have a copy of the 

shared block. Snooping, therefore, is the process 

whereby a slave MCU monitors all the transactions on 

the bus to check for any RD/WR requests issued by the 

master MCU. The main task of the slave MCU is to 

snoop the bus to determine if it has to receive any 

new data, i.e. invalidate data previously received, or 

to send the freshest data to the master MCU, i.e. 

effect an intervention. 
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As will be further described below, the 

multiprocessor control circuit 173 of Fig. 5 is 

provided to handle invalidation, intervention and 

snoop hit signals from the cache and other processors 

and generate snoop hit (SNP_HIT) signals and 

intervention (ITV_REQ) signals on the multiprocessor 

control signal bus 180 when snoop hits and 

intervention/invalidation   are   indicated,   as   will be 

further described below. 
The bus arbitration control unit 172 of Fig. 5 

arbitrates for the MAU bus in any normal read or write 

operation. It also handles arbitrating for the MAU 

bus in the event of an intervention/invalidation and 

interfaces directly with the external bus arbitration 

control  signal pins which go directly to the external 

bus arbiter 6. 
The operations of intervention and invalidation 

which provide the above-described cache coherency will 

now be described with respect to read requests, write 

requests, and read-with-intent-to-modify requests 

issued by a master central processing unit  (MSTR CPU). 

When the MSTR CPU issues a read request, it 

places an address on the memory array unit (MAU) 

address bus 9. The slave (SLV) CPU's snoop the 

addresses on the MAU bus 9. If a SLV CPU has data 

from the addressed memory location in its cache whxch 

has been modified, the slave cache control unit (SLV 

CCU) outputs an intervention signal (ITV) on the 

multiprocessor control bus 10, indicating that it has 

30 fresh, i.e. modified, data. The MSTR, upon detecting 

the ITV signal, gives up the bus and the SLV CCU 

writes the fresh data to the main memory, i.e. MAU 7. 

If    the    data    requested   by    the    MSTR    has    not been 

20 

25 



received by the MSTR cache control unit (CCU) , the 

MSTR MCU discards the data requested and re-asserts 

its request for data from the MAU. If the data 

requested has been transferred to the MSTR CCU, the 

MSTR MCU informs the MSTR CCU (or IOU controller, if 

an IOU is the MSTR) to discard the data. The MSTR MCU 

then reissues its read request after the slave has 

updated main memory. Meanwhile, the port interface 

circuit holds the master's read request while the 

slave writes the modified data back to memory. 

Thereafter, the read request is executed. 

If the MSTR issues a write request, places an 

address on the memory array unit (MAU) address bus 9 

and a slave CCU has a copy of the original data from 

this address in its cache, the slave CCU will 

invalidate, i.e. discard, the corresponding data in 

its cache. 

If   the   MSTR   issues   a  read-with-intent-to-modify 

request,   places   an  address  on   the  memory  array unit 

(MAU)   address  bus   9   and  a  slave  MCU  has  the address 

placed on the address bus by the master   (MSTR) ,  one of 

two possible actions will take place: 

1. If the SLV CCU has modified the data 

corresponding to the data addressed by • the MSTR, the 

SLV will issue an ITV signal, the MSTR will give up 

the bus in response thereto and allow the SLV CCU to 

write the modified data to memory. This operation 

corresponds to the intervention operation described 

above. 

2. If the SLV has unmodified data corresponding 

to the data addressed by the MSTR, the SLV will 

invalidate,   i.e.   discard,   its   data.     This operation 
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corresponds to the invalidation operation discribed 

above. 
Referring    to    Fig.    6,    there    is    provided in 

accordance     with    another    aspect    of     the present 

5 invention a circuit designated .generally as 190 which 

is used for row match comparison to reduce memory 

latency. In the circuit 190 there is provided a 

comparator 191, a latch 192 and a pair of MUX • s 193 

and 194. 

10 The  function  of  the  row match  comparison  is to 

determine if the present request has the same row 

address as a previous request. If it does, the port 

need not incur the time penalty for de-asserting RAS. 

Row match  is mainly used for DRAM but it  can also be 

15 used for SRAM or ROM in that the MAU need not latch in 

the upper, i.e. row, bits of the new address, since 

ROM and SRAM accesses pass addresses to the MAU in 

high and low address segments in a manner similar to 

that used by DRAMS. 
20 In  the  operation  of  the  row match   circuitry of 

Fig. 6, the row address including the corresponding 

array select bits of the address are stored in the 

latch 19 2 by means of the MUX 193. Each time a new 

address   appears   on   the   switch   network   address bus 

25 SW_REQ, the address is fed through the new request MUX 

194 and compared with the previous request in the 

comparator 191. If there is a row match, a signal is 

generated on the output of the comparator 191 and 

transferred   to   the   port   interface   by   means   of the 

30 signal line 195 which is a part of bus 70. The row 

match hit will prevent the port interface from 

de-asserting RAS and thereby saving RAS cycle time. 



MUX 193 is used to extract the row. address from 

the switch request address. The row address mapping 

to the switch address is a function of the DRAM 

configuration (e.g., IMxl or 4Mxl DRAM' s) and the MAU 

data bus width  (e.g.,  32 or 64 bits). 

Referring to Figs. 1 and 5, the external bus 

arbiter 6 is a unit which consists primarily of a 

programmable logic a rray (PLA) and a storage element. 

It accepts requests for the MAU bus from the different 

CPU's, decides which of the CPU's should be granted 

the bus based on a software selectable dynamic or 

fixed priority scheme, and issues the grant to the 

appropriate CPU. The storage element is provided to 

store which CPU was last given the bus so that either 

the dynamic or flexible priority as well as the fixed 

or "round robin" priority can be implemented. 

Referring to Fig. 7, dynamic switch and port 

arbitration as used in the multiprocessor environment 

of the present invention will now be described. 

As described above, there are three masters and 

two resources which an MCU serves. The three masters 

are D-cache, I-cache and IOU. The two resources, i.e. 

slaves, are memory ports and IOU. As will be noted, 

the IOU can be both a master and a resource/slave. 

In   accordance   with   the   present   invention, two 

different   arbitrations   are   done.       One   is concerned 

with arbitrating for the resources of the memory ports 

(port 0 to port 5) and the other is concerned with 

arbitrating for the resources of the switch network 54 

buses SW_REQ and SW_WD. 

Several devices can make a request sfor data from 

main memory at the same time. They are the 

D and I-cache  and the  IOU.    A priority  scheme whereby 
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each master is endowed with a certain priority is used 

so that requests from more "important" or "urgent" 

devices are serviced as soon as possible. However, a 

strict   fixed  arbitration  scheme  is not  preferred due 

5 to the possibility of starving lower priority devices. 

Instead, a dynamic arbitration scheme is implemented 

which allocates different priority to the various 

devices on the fly. This dynamic arbitration scheme 

is affected by the following factors: 

10 1.      Intrinsic priority of the device. 

2. There is a row match between a requested 

address and the address of a previously serviced 

request. 
3. A   device   has   been   denied   service   too many 

15 times. 
4. The master has been serviced too many times. 

As   illustrated   in   Fig.   7,   the   dynamic priority 

scheme used for requesting the memory port is as 

follows. 
20 Each    request   from   a   device   has   an intrinsic 

priority. The IOU may request a high or normal 

priority, followed by the D and then the I-cache. An 

intervention (ITV) request from a D-cache, however, 

has the highest priority of all. 

25 Special  high priority  I/O  requests  can  be made. 

This priority is intended for "use by real-time I/O 

peripherals which must have access to memory with the 

low memory latency. These requests can override all 

other     requests     except     intervention     cycles and 

30        row-match,   as  shown in Fig. 7. 

The intrinsic priority of the various devices is 

modified by several factors, identified as denied 

service,   I/O  hog,   and  row match.     Each   time   a device 



is denied service, a counter is decremented. Once the 

counter reaches zero, the priority of the device is 

increased with a priority level called DENY PRIORITY. 

These counters can be loaded with any programmable 

value up to a maximum value of 15. Once the counter 

reaches zero, a DENY PRIORITY bit is set which is 

finally cleared when the denied device is serviced. 

This method of increasing the priority of a device 

denied service prevents starvation. It should be 

noted that a denied service priority is not given to 

an IOU because the intrinsic priority level of the IOU 

is itself already high. 

Since the IOU is intrinsically already a high 

priority device, it is also necessary to have a 

counter to prevent it from being a port hog. Every 

time the IOU is granted use of the port, a counter is 

decremented. Once the counter reaches zero, the IOU 

is considered as hogging the bus and the priority 

level of the IOU is decreased. The dropping of the 

priority level of the IOU is only for normal priority 

requests and not the high priority I/O request. When 

the IOU is not granted the use of the port for a 

request cycle,  the hog priority bit is cleared. 

Another factor modifying the intrinsic priority 

of the request is row match. Row match will be 

important mainly for the I-cache. When a device 

requests a memory location which has the same row 

address as the previously serviced request, the 

priority of the requesting device is raised. This is 

done so that RAS need not be reasserted. 

There is a limit whereby row match priority can 

be maintained, however. Once again a counter is used 

with    a    programmable    maximum    value.      Each    time a 
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15 

request is serviced because of the row match priority, 

the counter is decremented. Once the counter reaches 

zero, the row match priority bit is cleared. The 

counter is again preloaded with a programmable value 

when a new master of the port is assigned or when 

there is no request for a row match. The 

above-described   counters   are   located   in   the switch 

arbitration unit 58. 
A write request for the memory port will only be 

granted when the write data bus of the switch SW_WD is 

available. If it is not available, another request 

will be selected. The only exception is for the 

intervention signal ITV. If SW_WD is not available, 

no request is selected. Instead, the processor waits 

for SW_WD to be  free and then  submits  the  request to 

the switch arbiter. 
The arbitration scheme for the switch network 54 

is slightly different than that used for arbitrating 

for a port. The switch arbitration unit 58 of Fig. 3 

utilizes two different arbitration schemes when 

arbitrating for a port which are selectable by 

software: 
1 Slave priority in which priority is based on 

the  slave or  the requested device   (namely,  memory or 

25       IOU port) and 
2. Master priority wherein"priority is based on 

the   master   or   the   requesting   device    (namely, IOU, 

D and I-cache). 
in  the  slave priority  scheme priority  is always 

30       given  to  the  memory  ports   in  a  round  robin fashion, 

i.e.  memory ports  0,   1,   2...   first an*  then  to IOU. 

in contrast,  in the master priority scheme priority rs 

given   to    the    IOU   and   then   to    the   D and I-cache, 

20 
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respectively. Of course,, under certain circumstances 

it may be necessary or preferable to give the highest 

priority under the master priority to an ITV request 

and it may also be necessary or preferable to give 

5 I-cache   a   high   priority   if   the   pre-fetch   buffer is 
r 

going to be empty soon. In any event, software is 

available to adjust the priority scheme used to meet 

various operating conditions. 

Dynamic    memory    refresh    is    also    based    on a 

10 priority scheme. A counter coupled to a state machine 

is used to keep track of how many cycles have expired 

between refreshes, i.e. the number of times a refresh 

is requested, and has been denied because the MAU bus 

was   busy.     When   the  counter   reaches   a predetermined 

15 count, i.e. expired, it generates a signal to the port 

telling the port that it needs to do a refresh. If 

the port is busy servicing requests from the D or 

I caches or the IOU, it won't service the refresh 

request unless  it previously  denied  a certain number 

20 of such requests. In other words, priority is given 

to servicing refresh requests when the refresh 

requests have been denied a predetermined number of 

times. When the port is ready to service the refresh 

request,   it  then informs the bus arbritration control 

25        unit to start arbitrating for the MAU bus. 

A row is preferably refreshed every 15 

microseconds and must be refreshed within a 

predetermined period, e.g. at least every 30 

microseconds. 

30 When   RAS   goes   low    (asserted)    and   CAS   is not 

asserted, all CPU1s know that a refreshvhas occurred. 

Since   all   CPU's   keep   track   of   when   the refreshes 



-36- 

occur,   any one  or more of  them can request  a refresh 

if necessary. 

While    preferred    embodiments    of    the present 

invention are described above,  it is contemplated that 

5 numerous    modifications    may    be    made    thereto for 

particular   applications   without   departing   from the 

spirit      and      scope     of      the      present invention. 

Accordingly,    it   is    intended    that    the embodiments 

described  be   considered  only  as   illustrative  of the 

10       present   invention  and  that   the   scope   thereof should 

not be limited thereto but be determined by reference 

to the claims hereinafter provided. 

15 

20 

25 

30 



CLAIMS 

1. In a multiprocessor architecture capable of 

supporting a plurality of microprocessors, each of 

said microprocessors having a data (D) cache, an 

instruction (I) cache, a memory port, and an 

input/output unit (IOU) , a memory control unit (MCU) 

in each of said microprocessors comprising: 

a switch network; 

a D-cache interface circuit; 

means for coupling said D-cache interface 

circuit between said D-cache and said switch network; 

an I-cache interface circuit; 

means for coupling said I-cache interface 

circuit between said I-cache and said switch network; 

an I/O interface circuit; 

means for coupling said I/O interface 

circuit between said IOU and said switch network; 

a memory port interface circuit; 

means for coupling said memory port 

interface circuit between said memory port and said 

switch network; 

switch arbitration means for arbitrating for 

said switch network; 

port arbitration means for arbitrating for 

said memory port; 

means for transferring to said port 

arbitration means a request to transfer data between 

one of said D-cache, said I-cache and said IOU and 

said memory port through said switch network and said 

port interface circuits- 

means for transferring a port available 

signal from said port arbitration means to said switch 



arbitration means when said port interface circuit is 

free to process said request; and 

means responsive to said port available 

signal for transferring a switch available signal from 

said switch arbitration means to the source of said 

request and to said port arbitration means when said 

switch network is free to process said request whereby 

data is enabled to be transferred between said one of 

said D-cache, said I-cache and IOU and said memory 

port, 

2. An MCU according to claim 1 wherein said 

switch network comprises a switch request bus 

(SW_REQ) , a switch write data bus (SW_WD) , and a 

switch read data bus   (SW_RD)   and further comprising: 

means for coupling said MCU to a memory 

array unit (MAU) via an MAU system bus, said MAU 

system bus including a MAU address bus, an MAU data 

bus and an MAU control signal bus; 

means for temporarily storing an address 

associated with a request to write to said MAU from 

one of said D cache and said IOU if said MAU address 

bus is not then available to receive said address; 

means for temporarily storing write data 

from said source of said request to write to said MAU 

if said MAU data bus is not thefT available to receive 

said write data; 

means for transferring said address 

associated with said request to write to said MAU from 

said source of said request to write to said MAU to 

said switch request bus (SW_REQ) and said write data 

associated therewith to said switch write data bus 

(SW WD); 



means for transferring said address 

associated with said request to write to said MAU from 

said switch request bus (SW_REQ) to said means for 

temporarily storing said address associated with said 

request to write to said MAU; 

means for transferring said write data from 

said switch write data bus (SW_WD) to said means for 

temporarily storing said write data; and 

means for transferring said address from 

said means for temporarily storing said address to 

said MAU address bus and said write data from said 

means for temporarily storing said write data to said 

MAU address and write data buses when said MAU address 

and write data buses are available to receive said 

address and said write data. 

3. An MCU according to claim 1 wherein said 

switch network comprises a switch request bus 

(SW_REQ) , a switch write data bus (SW_WD) , and a 

switch read data bus   (SW_RD)  and further comprising: 

means for coupling said MCU to a memory 

array unit (MAU) via an MAU system bus, said MAU 

system bus including an MAU address bus, an MAU data 

bus and an MAU control signal bus; 

means for temporarily storing an address 

associated with a read request -to read data from said 

MAU from one of said D-cache, I-cache and IOU if said 

MAU address bus is not then available to receive said 

address; 

means for temporarily storing said read data 

from said MAU if said switch read datavbus (SW_RD) is 

not then available to transfer said read data; 
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means for transferring said address 

associated with said read request from said source of 

said request  to said switch request bus   (SW_REQ) when 

20     said switch request bus  <SW_REQ)  is available; 

means for transferring said address 

associated with said read request from said switch 

request bus (SW_REQ) to said means for temporarily 

storing said address associated with said read request 

25 if said MAU address bus is not then available to 

receive said address; 
means for transferring said read data from 

said MAU data bus to said means for temporarily 

storing  said   read  data when   said  MAU   address  bus is 

30 available to receive said address and said switch read 

bus (SW_RD) is not available to transfer said read 

data; and 
means for transferring said read data from 

said means for temporarily storing said read data to 

35 said switch read data bus (SW_RD) and from said switch 

read data bus {SW_RD) to said source of said request 

when said switch read data bus (SW_RD) is available to 

transfer said read data. 

4 .      An   MCU   according   to   claim   1   wherein said 

switch    network    comprises    a     switch    request bus 

(SW_REQ),    a    switch   write   data—bus    (SW_WD) ,    and a 

switch read data bus   (SW_RD)  and further comprising: 

5 means for  transferring a request  for an I/O 

data transfer between one of said D-cache and said 

I-cache and said IOU through said switch network and 

said I/O interface circuit; 
means   for   sending   an   IOU   available signal 

10      from    said    I/O    interface    circuit    to    said switch 



arbitration means when said I/O interface circuit is 

available to process said request for an I/O data 

transfer; and 

means for transferring an address associated 

with said request for an I/O data transfer to said 

I/O interface circuit via said switch request bus 

(S.W_REQ) when said switch network is available to 

process said request, 

5, An MCU according to claim 1 wherein said 

switch network comprises a switch request bus 

(SW_REQ) , a switch write data bus (SW_WD) , and a 

switch read data bus   (SW_RD)   and further comprising: 

means for transferring write data from one 

of said D-cache and I-cache to said I/O interface 

circuit via said switch write data bus (SW_WD) when 

said request for an I/O data transfer is a write 

request; and 

means for transferring read data from said 

IOU circuit to one of said D-cache and I-cache via 

said switch read data bus (SW_RD) when said request 

for an I/O data transfer is a read request. 

6. An MCU according to claim 1 comprising: 

means    for   coupling   said   MCU   to   a memory 

array unit (MAU) via an MAU .system bus, said MAU 

system bus including an MAU address bus, an MAU data 

bus and an MAU control signal bus; 

a test and set bypass circuit, said test and 

set bypass circuit having a snoop address generator 

coupled to said MAU address bus for generating snoop 

addresses corresponding to addresses on said MAU 

address bus and a content addressable memory   (CAM); 
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means    responsive    to    the    execution    of a 

predetermined instruction associated with a request to 

access a shared memory region  for storing the address 

of   a   semaphore   associated   with   said   region   in said 

15 CAM; 
means for comparing said snoop addresses 

with the contents of said CAM on subsequent requests 

for said semaphore; and 
means for sending a semaphore failed signal 

20 to the source of said request for said semaphore if 

said semaphore address is still resident in said CAM 

to thereby save memory bandwidth. 

7. An MCU according to claim 6 comprising: 

means responsive to a write  to  said shared 

memory region for releasing said semaphore and 

clearing said CAM. 

8. A multiprocessor architecture capable of 

supporting multiple processors wherein one of said 

processors is a master and all other processors are 

slaves comprising: 
5 means   for  coupling  each of  said processors 

to a memory array unit (MAO) via an MAU system bus, 

said MAU system bus including an MAU address bus, an 

MAU data bus and an MAU control Signal bus; 

means enabling each of said slaves to snoop 

10     for   an   address   placed   on   said   MAU   address   bus in 

association with a read request from said master; 

means   for  providing   an   intervention signal 

(ITV)    to   said   master   when   one   of   said   slaves has 

modified  the data associated with said address placed 

15     on said MAU address bus by said master; 



means responsive to said ITV signal for 

causing said master to disregard the data received 

from said address associated with said read request; 

and 

means for writing said modified data in said 

slave to said address associated with said read 

request. 

9.      A   multiprocessor   architecture   according to 

claim 8  further comprising: 

a memory port; 

a port interface circuit for controlling 

transfers of data through said port; 

means for holding said read request from 

said master in said port interface circuit while said 

slave writes said modified data to memory; and 

means for thereafter executing said read 

request from said master. 

10. A multiprocessor architecture capable of 

supporting multiple processors wherein one of said 

processors is a master and all other processors are 

slaves comprising: 

means for coupling each of said processors 

to a memory array unit (MAU) via an MAD system bus, 

said MAU system bus including an MAU address busr an 

MAU data bus and an MAU control signal bus; 

means enabling each of said slaves to snoop 

for an address placed on said MAU address bus in 

association with a write request from said master; and 

means for causing each of said slaves having 

data in a cache from said address associated with said 

write request to invalidate said data in said cache. 



11. A multiprocessor architecture capable of 

supporting multiple processors wherein one of said 

processors is a master and all other processors are 

slaves comprising: 

means for coupling each of said processors 

to a memory array unit (MAU) via an MAU system bus, 

said MAU system bus including an MAU address bus, an 

MAU data bus and an MAU control signal bus; 

means enabling each of said slaves to snoop 

for an address placed on said MAU address bus in 

association with a read-with-intent-to-modify request 

from said master; 

means   for  providing   an   intervention signal 

(ITV)    to   said   master   when   one   of   said   slaves has 

modified   the   data   from   said   address   associated with 

said    read-with-intent-to-modify    request    from said 

master; 

means responsive to said ITV signal for 

causing said master to disregard the data received 

from said address associated with said 

read-with-intent-to-modify request; and 

means for writing said modified data in said 

slave to said address associated with said 

read-with-intent-to-modify request. 

12. A multiprocessor architecture capable of 

supporting multiple processors wherein one of said 

processors is a master and all other processors are 

slaves comprising: 

means for coupling each of said processors 

to a memory array unit (MAU) via an MAU system bus, 

said MAU system bus including an MAU address bus, an 

MAU data bus and an MAU control signal bus; 
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means enabling each of said slaves  to snoop 

10      for   an   address   placed   on   said   MAU   address   bus in 

association  with a  read-with-intent-to-modify request 

from said master; and 

means for causing each of said slaves having 

unmodified data from said address associated with said 

15     write request to invalidate said data. 

13-    A   multiprocessor    architecture    capable of 

supporting   multiple   processors   wherein   one   of said 

processors  is  a master  and  all other processors are 

slaves comprising: 

5 means  for  coupling  each  of said processors 

to a memory array unit (MAU) via an MAU system bus, 

said MAU system bus including an MAU address bus, an 

MAU data bus and an MAU control signal bus; 

means    for    comparing   successive addresses 

10      appearing on the MAU address bus; and 

means responsive to said comparing means for 

continuously asserting a row address strobe (RAS) so 

long as said successive addresses appearing on said 

MAU address bus comprise the same row address. 

14. A multiprocessor architecture capable of 

supporting multiple processors according to claim 1 

comprising: 

means for providing a dynamic priority to 

5 IOU, D-cache and I-cache device requests as a function 

of intrinsic priority assigned to each' device and a 

plurality of factors including the existence of a row 

match between a requested address anql a previously 

serviced request, the number of times a device has 

10      been  denied  service  and  the  number  of  times' a device 
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has been serviced without interruption, said dynamic 

priority providing means including counting means for 

keeping track of the number of times each of said 

factors occurs and means responsive to said counting 

15 means for changing the priority of said devices as a 

function of said intrinsic priority and said number. 

15. A multiprocessor architecture capable of 

supporting multiple processors comprising: 

means located in each of said processors for 

generating a memory refresh request after a 

5     predetermined number of machine cycles; 

means located in each of said processors for 

keeping track of the number of times said request is 

denied since the last time it was granted; and 

means located in each of said processors for 

10 increasing the priority of said memory refresh request 

when said number reaches a predetermined magnitude, 

such that said memory is refreshed within a 

predetermined time period. 

16. A method of transferring data in a 

multiprocessor architecture capable of supporting a 

plurality of microprocessors, each of said 

microprocessors     having     a     data      (D)     cache, an 

5 instruction (I) cache, a memory-port, an input/output 

unit (IOU) and a memory control unit (MCU), said MCU 

having a switch network, a D-cache interface circuit, 

means for coupling said D-cache interface circuit 

between said D-cache and said switch network, an 

10. I-cache interface circuit, means for,, coupling said 

I-cache   interface   circuit   between   said   I-cache and 
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said switch network,   an  I/O  interface  circuit, means 

for coupling  said  I/O  interface  circuit between said 

IOU  and  said  switch  network,   a memory  port interface 

15     circuit,  means for coupling said memory port interface 

circuit   between   said   memory   port   and   said switch 

network,  switch arbitration means for arbitrating for 

said   switch   network   and   port   arbitration   means for 

arbitrating for said memory port,  comprising the steps 
20 of: 

transferring to said port arbitration means 

a    request   to   transfer   data   between    one   of said 

D-cache,   said   I-cache   and   said   IOU   and   said memory 

port    through    said    switch    network    and    said port 

25     interface circuit; 

transferring a port available signal from 

said port arbitration means to said switch arbitration 

means when said port interface circuit is free to 

process said request; and 

transferring a switch available signal from 

said switch arbitration means to the source of said 

request and to said port arbitration means when said 

switch network is free to process said request whereby 

data is enabled to be transferred between said one of 

35 said D-cache, said I-cache and IOU and said memory 
port. 

17. A method of transferring data in a 

multiprocessor according to claim 16 wherein said 

architecture comprises means for coupling said MCU to 

a memory array unit (MAU) via an MAU system bus, said 

MAU system bus including an MAU address bus, an MAU 

data bus and an MAU control signal bus and said switch 

network   comprises   a   switch   request   bus    (SW_REQ), a 

30 



switch write data bus (SW_WD), and a switch read data 

bus  (SW_RD) ,  further comprising the steps of:. 

temporarily storing an address associated 

with a request to write to said MAU from one of said D 

cache and said IOU if said MAU address bus is not then 

available to receive said address; 

temporarily storing write data from said 

source of said request to write to said MAU if said 

MAU data bus is not then available to receive said 

write data; 

transferring said address associated with 

said request to write to said MAU from said source of 

said request to write to said MAU to said switch 

request bus (SW_REQ) and said write data associated 

therewith to said switch write data bus  (SW_RD); 

transferring said address associated with 

said request to write to said MAU from said switch 

request bus (SW_REQ) to said means for temporarily 

storing said address associated with said request to 

write to said MAU; 

transferring said write data from said 

switch write data bus (SW_WD) to said means for 

temporarily storing said write data; and 

transferring said address from said means 

for temporarily storing said address to said MAU 

address bus and said write data^from said means for 

temporarily storing said write data to said MAU 

address and write data buses when said MAU address and 

write data buses are available to receive said address 

and said write data. 
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18. A method of transferring data in a 

multiprocessor according to claim 16 wherein said 

architecture comprises means for coupling said MCU to 

a memory array unit (MAU) via an MAU system buS/ said 

MAU system bus including an MAU address buS/ an MAU 

data bus and an MAU control signal bus and said switch 

network comprises a switch request bus (SW REQ) , a 

switch write data bus (SWJVD) , and a switch read data 

bus   (SW_RD),  further comprising the steps of: 

temporarily storing an address associated 

with a read request to read data from said MAU from 

one of said D-cache, I-cache and IOU if said MAU 

address bus is not then available to receive said 

address; 

temporarily storing said read data from said 

MAU if said switch read data bus (SW_RD) is not then 

available to transfer said read data; 

transferring said address associated with 

said read request from said source of said request to 

said switch request bus (SW_REQ) when said switch 

request bus   <SW_REQ)   is available; 

. transferring said address associated with 

said read request from said switch request bus 

(SW_REQ) to said means for temporarily storing said 

address associated with said read request if said MAU 

address bus is not then availaj^le to receive said 

address; 

transferring   said   read   data   from   said MAU 

data   bus   to  said means   for  temporarily   storing said 

read   data  when  said  MAU  address   bus   is   available to 

receive  said address and said switch read bus (SW_RD) 

is not available to transfer said read data; and 
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transferring said read data from said means 

for temporarily storing said read data to said switch 

35 read data bus (SWJRD) and from said switch read data 

bus (SW RD) to said source of said request when said 

switch read data bus (SW_RD) is available to transfer 

said read data. 

19. A method of transferring data in a 

multiprocessor architecture according to claim 16 

wherein said switch network in said architecture 

comprises   a   switch   request   bus    (SW_REQ),    a switch 

5     write   data   bus   (SW_WD) ,   and   a   switch   read   data bus 

(SW_RD),   further comprising the steps of: 

transferring    a    request    for    an    I/O data 

transfer between one of said D-cache and said I-cache 

and said IOU through said switch network and said I/O 

10     interface circuit; 

sending   an   IOU   available   signal   from said 

I/O interface circuit to said switch arbitration means 

when    said    I/O interface    circuit    is    available to 

process said request for an I/O data transfer; and 

15 transferring an address associated with said 

request for an I/O data transfer to said I/O interface 

circuit via said switch request bus (SW__REQ) when said 

switch network is available to process said request. 

20. A method of transferring data in a 

multiprocessor architecture according to claim 16 

wherein said switch network in said architecture 

comprises   a    switch    request   bus    (SW_REQ),    a switch 

5     write   data  bus   (SW__WD) ,   and   a   switch ^read   data bus 

(SW RD),   further comprising  the steps of: 
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transferring   write   data    from   one   of said 

D-cache  and I-cache to said I/O interface  circuit via 

said   switch write data  bus   (SW_WD)   when  said request 

10      for an I/O data transfer is a write request; and 

transferring read data from said IOU circuit 

to one of said D-cache and I-cache via said switch 

read data bus (SW_RD) when said request for an I/O 

data transfer is a read request. 

21.    A    method    of    transferring    data    in a 

multiprocessor   architecture    according    to    claim 16 

wherein said architecture comprises means for coupling 

said   MCU   to   a   memory   array   unit   (MAU)   via   an MAU 

5      system   bus,   said   MAU   system   bus   including   an MAU 

address bus, an MAU data bus and an MAU control signal 

bus  and a   test and set bypass  circuit,   said  test and 

set   bypass   circuit  having  a   snoop  address generator 

coupled  to  said MAU address  bus  for generating snoop 

10      addresses    corresponding   to    addresses   on    said MAU 

address   bus   and   a   content   addressable   memory    (CAM), 

comprising the steps of: 

storing      the     address     of     a semaphore 

associated with a shared memory region in said CAM; 
15 comparing    said    snoop    addresses    with the 

contents  of  said  CAM on  subsequent requests   for said 

semaphore; and 

sending   a   semaphore Tailed   signal   to the 

source   of   said   request   for   said   semaphore   if said 

20      semaphore   address   is   still   resident   in   said   CAM to 

thereby save memory bandwidth. 
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22. A   method   according   to   claim   21 comprising 

the steps of: 

releasing   said   semaphore   and  clearing said 

CAM   in   response   to   a   write   to   said   shared memory 

5 region. 

23. A method of transferring data in a 

multiprocessor architecture capable of supporting 

multiple processors having a means for coupling each 

of said processors to a memory array unit  (MAU)  via an 

5 MAU system bus, said MAU system bus including an MAU 

address bus, an MAU data bus and an MAU control signal 

bus and wherein one of said processors is a master and 

all other processors are slaves comprising the steps 

of: 
10 enabling each of said slaves to snoop for an 

address placed on said MAU address bus in association 

with a read request from said master; 

providing   an   intervention   signal    (ITV) to 

said master when  one of  said slaves  has modified the 

15     data  associated with  said  address  placed  on  said MAU 

address bus by said master; 

causing   said  master   to   disregard   the data 

received from said address  associated with  said read 

request in response to said ITV signal; and 

20 writing  said modified -4ata  in said slave to 

said address associated with said read request. 

24. A method of transferring data in a 

multiprocessor architecture capable of supporting 

multiple processors having a means forvcoupling each 

of said processors to a memory array unit   (MAU)   via an 

5      MAU   system  bus,   said MAU  system bus   including   an MAU 



address bus, an MAU data bus and an MAU control signal 

bus and wherein one of said processors is a. master and 

all other processors are slaves comprising the steps 

of: 

enabling each of said slaves to snoop for an 

address placed on said MAU address bus in association 

with a write request  from said master; and 

causing each of said slaves having data in a 

cache from said address associated with said write 

request to invalidate said data in said cache. 

25. A method of transferring data in a 

multiprocessor architecture capable of supporting 

multiple processors having a means for coupling each 

of said processors to a memory array unit (MAU) via an 

MAU system bus, said MAU system bus including an MAU 

address bus, an MAU data bus and an MAU control signal 

bus and wherein one of said processors is a master and 

all other processors are slaves comprising the steps 
of: 

enabling each of said slaves to snoop for an 

address placed on said MAU address bus in association 

with a read-with-intent-to-modify request from said 

master; 

providing an intervention signal (ITV) to 

said master when one of said slaves has modified the 

data from said address associated with said 

read-with-intent-to-modify request from said master; 

causing said master to disregard the data 

received from said address associated with said 

read-with-intent-to-modify request in response to said 

ITV signal; and 
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10 

15 

10 

writing  said modified data in said slave to 
• ^<-<>A uii-h said read-with-intent-to- said address assocxated with saia 

modify request. 

2 6 A method of transferring data in a 

multiprocessor architecture capable of supporting 

multiple processors having a means for coupling each 

of said processors to a memory array unit (MAO) via an 

MAU system bus, said KAU system bus including an MAU 

address bus, an MAU data bus and an MAU control signal 

bus and wherein one of said processors is a master and 

all other  processors  are  slaves  comprising  the steps 

enabling each of said slaves to snoop for an 

address placed on said MAU address bus in association 

with a read-with-intent-to-modify request from said 

master; and 
causing each of said slaves having 

unmodified data from said address associated with said 

write request to invalidate said data. 

27 A method of transferring data in a 

multiprocessor architecture capable of supporting 

multiple processors having a means for coupling each 

of said processors to a memory array unit (MAU, via an 

MAO system bus, said MAU systenw-bus including an MAU 

address bus, an MAU data bus and an MAU control signal 

bus and wherein one of said processors is a master and 

all  other  processors  are  slaves  comprising  the steps 

comparing  successive addresses  appearing on 

the KAU address bus? and 



continuously 

(RAS)   so   long  as said 

on said MAU address bus 

asserting a  row  address strobe 

successive   addresses appearing 

comprise the same row address. 

28. A method of transferring data in a 

multiprocessor architecture capable of supporting 

multiple processors comprising the steps of: 

providing a dynamic priority to IOU, D-cache 

and I-cache device requests as a function of intrinsic 

priority assigned to each device and a plurality of 

factors including the existence of a row match between 

a requested address and a previously serviced request, 

the number of times a device has been denied service 

and the nuiuber of times a device has been serviced 

without interruption; 

keeping track of the number of times each of 

said factors occurs; and 

changing  the  priority  of  said  devices   as a 

function of said intrinsic priority and said number. 

29. A method of dynamically refreshing a memory 

in a multiprocessor architecture capable of supporting 

multiple processors comprising the steps of: 

generating a memory refresh request after a 

predetermined number of machine cycles in each of said 

processors; 

keeping track of the number of times said 

request is denied since the last time it was granted; 

and 

increasing the priority of said memory 

refresh request when said number reaches a 

predetermined    magnitude    such    that    said    memory is 
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refreshed within a predetermined time period by at 

least one of said processors. 





- CJ 

^ < 
< £  

— 

\ JJ. 

t I 

/ I 
-) I- 

""J 
M >* 
s 

A A 
< 

> j 

0jl 

*5 H 

a 

* 

1 

3 

?F7 "55 

2 

x 

.7 
of 
u 

. tsl 

O V 

U4 

L 

M 0 
< \ 

J 
< A 
ft A 

? 
u 

V 

r V 

H ^ 

v3 

+— 

A 
< 

71 

v 

3 
o. 
H 

n 

5[ 



SWITCH NETWORK 

si - | a f| 
Yl  *  ~ rv 
a S 
*• 2 WO    VI    VI 00 

D Cache 

lyre*- 

7*1 

..Wrilr nan. 

-7* 

"=1 
73 

Rrarf nata,. 

I 

( Cur Kb 
SWITCH 

7/6- /V3 

/V/ H 

PORT 0 P0 

7*' 

1 ID 

jf WD 
F.fo 13 J 

76 

Rfo -^/Ji 

—C 
77 

7*1- 

pozr 

AR 8 
{JKfiT 

70a 
71a PAU0 

FIG. 3 



D CACHS /A>r£PxfACt 

SWITCH NETWORK 
R _ - p 
P 9 S « 
K 3 5 S 
§ 5 P S 
S, *, 
* * * > 14 M   14 M 

\ 

ID 

JD 

— SFFFF 

Read Data 

/a 

ins 

Snoop 
Add/ 
CCA 

./*/ n 

•7Y 

Cwn 

T 

ro 
Fife 

T 130 

RO 
Fifo 

/ 3 t 

/Wr /A/rtRFACZ. 

H 5 

s 
.11 

FIG.4 



PORT 0 JASTB* FACE 

Hi 

1_ 

\ 

ZD 

CACHE 

INTERFACE 

POUT 

tA/TEtfACi 

Bus 
A* B 

/7t 

~1  
JT6 

■ I 

177 

/70 

flUl AH 

0 ul 5 ,D C 
CH'p 

/P3 

'] J?/ 

<MVLTt - 

COA/780U 

113 

M7? 

/T 

^6 

8«f AAQ 

n 

- // 

M A<J 

FIG. 5 



SWITCH NETWORK 

D Cache J) CACHE 
//jTJTJZFACe 

8 
i 

FIG- 6 



Insuinsic Priority 
rrvRcq Highest Priority 

. 10 Rcq/RowM 

D cache Rcq/RowM 

I cache Rcq/RowM 

Insuinsic Priority 
T  10 Hi Priority Rcq 

D cache Rcq/Dcny Priority 

I cache Rcq/Dcny Priority 

lnsirinsic Priority / 

lnsirinsic Priority 

\  

lnsirinsic Priority ' 
i—^ 

>- lORcq 

I cache Rcq 

10 Rcq/Hog 

Lowest Priority 

FIG, 7 



cr 
cr 

BE R
d 

R
eq

 

W
rR

eq
 

M 
0) 

■g 
8 ca

ch
e 

2W
 

O 

o 



INTERNATIONAL SEARCH REPORT pfT 
lncernacional application No.      PC'AJP 92/00869 

I. CLASSIFICATION OF SUBJECT MATTER   (if several danificauon lymboli apply, indicate all)* 
According to International Patent Classification (IPC) or to both National Clarification and IPC 

Int.Cl. 5 G06F15/16 

FIELDS SEARCHED 
Minimum Documentation Searched7 

Classification System Classification Symbols 

Int.Cl. 5 G06F 

Documentation Searched other thus Minimum Documentation 
to the Extent that such Documents are Included in the Fields Searched1 

m. DOCUMENTS CONSIDERED TO BE RELEVANT* 
Category0 Citation of Document, " with indication, where appropriate, of the relevant passages ^ Relevant to Claim No.u 

A EP A 0 348 076 CI .C.L) 27 December 1989 
see the whole document 

1-29 

A IRE WESCON CONVENTION RECORD. 
vol. 32, no. 29/2, November 1988, NORTH 
HOLLYWOOD US 
pages 1-8; 
W.EARNSHAW:  'The N4 - A high performance three 
dimensional multiprocessor computer system1 

see the whole document 

1-29 

A IEE PROCEEDINGS E. COMPUTERS & DIGITAL 
TECHNIQUES. 
vol. 134, no. 5, September 1987, STEVENAGE GB 
pages 217 - 227;  'Architecture of the Muteam 
system' 
see the whole document 

-/— 

1-29 

° Special categories of cited documents :10 

*A* document defining the general state of the art which is not 
considered to be of particular relevance 
earlier document but published on or after the international 
filing date 

*L* document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

*0* document referring to an oral disclosure, use, exhibition or 
other means 

*T* document published prior to the international tiling date but 
later than the priority date daimed 

later document puousoea aner ine UIWM*HWU#J m.. B or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 
document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step 
document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art 
document member of the same patent family 

IV. CERTIFICATION 
Date of the Actual Completion of the International Search 

03 SEPTEMBER 1992 

Date of Mailing of toil International Search Report 

25.09.92 

International Searching Authority 

EUROPEAN PATENT OFFICE 

Signature of Authorized Officer 

S0LER J.M.B. 

Ttm PCTrtSA/llO IMOMU thcat > {Jm**iy 1*15) 



cr 
oc 

cc 

CM 

■5 
8 
Q 

cr 
OC 

GC 

■5 
8 

cr 

O 



International Application No PCT/JP 92/00869 

ID. DOCUMENTS CONSIDERED TO BE RELEVANT (CONTINUED FROM THE SECOND SHEET) 

Category0 | Gtation of Document, with indication, where appropriate, of the relevant passages j     Relevant to Claim No. 

A 

A 

0E.A.3 931 514 (HITACHI) 22 March 1990 
see the whole document 

EP.A.O 222 074 (I.B.M.) 20 May 1987 
see the whole document 

EP.A.O 205 801 (I.B.M) 30 December 1986 
see column 1, line 1 - column 8, line 48 
see abstract; figures 2-5 

1-29 

1,28,29 

1,8-14 

» 
I 
! 
i 
i 

i i 
i 

Farm PCT/ISA/2IO linn Ucrf) Omwxry 19431 



ANNEX TO THE INTERNATIONAL SEARCH REPORT 
ON INTERNATIONAL PATENT APPLICATION NO. JP 9200869 

SA 61570 

This annex lists the patent family members relating to Hie patent documents cited in the above-mentioned international search report. 
The members ate as contained in the European Patent Office EDP file on 
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 03/09/92 

Patent document Publication Patent family Publication 
cited in search report date members) date 

EP-A-0348076 27-12-89 AU-B-      612269 04-07-91 
AU-A-     3676589 04-01-90 

DE-A-3931514 22-03-90 JP-A-     2083757 23-03-90 

EP-A-0222074 20-05-87 US-A-     4760515 26-07-88 
JP-A- - 62113261 25-05-87 

EP-A-0205801 30-12-86 US-A-     4736319 05-04-88 
CA-A- 1241762 06-09-88 
JP-A-    61265661 25-11-86 

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 


